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7KHVHFRQGGRPDLQFKDUDFWHULVWLF WRKLJKSODVWLFGHIRUPDWLRQDQGKLJKHODVWLFGHIRUPDWLRQFRUUHVSRQGV WR WKH
GRPDLQRIXQVWDEOHGHIRUPDWLRQDQGOHDGV WR WKH LQFUHDVHRIFRQWDFWDUHD7KLVSKHQRPHQRQFDQEHUHODWHG WR WKH
SUHVHQFH RI FROG KDUGHQLQJ DQG WULERORJLFDOO\ LQGXFHG SKDVH WUDQVIRUPDWLRQ >@ 7KH WRWDO HQHUJ\ DFFXPXODWHG
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GXULQJWKLVSKDVHaDQGP-IRU+DUGR[DQG+FRUUHVSRQGHQWO\aP-IRU7DQGaP-IRU
&.,QFDVHRIFDUELGHFRPSRVLWHVWKHLQFUHDVHRIDFFXPXODWHGHQHUJ\FDQEHDOVRUHODWHGWRWKHUDWHRIGHFUHDVH
LQSODVWLFLW\HPEULWWOHPHQWRIFDUELGHSKDVHGXULQJF\FOLFORDGLQJ+HUHWKHHPEULWWOHPHQWLVORZHUIRU7L&FRUH
ULP VWUXFWXUH FDUELGH HTXDO WR aP- FRPSDUHG WR P- IRU:&EDVHG+ KDUGPHWDO DW F\FOHV 7KH
LQFUHDVH LQHQHUJ\ LV ORZHVW IRU&. VWHHO aP-DQGKLJKHVW IRU+DUGR[ VWHHO aP-)RU VWHHOV WKH
HIIHFWRIFROGKDUGHQLQJLVPRVWQRWLFHDEOH

)LJ7KHWRWDODFFXPXODWHGHQHUJ\LQWKHPDWHULDOVWHVWHGDVDIXQFWLRQRIWKHQXPEHUVRILPSDFWV
7KH WKLUG GRPDLQ FKDUDFWHULVWLF WR HODVWLF GHIRUPDWLRQ FRUUHVSRQGV WR WKH GRPDLQ RI VWDEOH GHIRUPDWLRQ
VWDELOLW\ DQG OHDGV WR WKHPRGHUDWH LQFUHDVH RI FRQWDFW DUHD 7KH UHVLGXDO SHQHWUDWLRQ GHSWK VORZO\ VWDELOL]HV DW
F\FOHV7KHLQFUHDVHRIDFFXPXODWHGHQHUJ\LVP-IRU+DUGR[IRUP-+P-IRU7
DQGP-IRU&.7KHWKLUGSKDVHLVLQGXFHGE\IUDJPHQWDWLRQDQGHMHFWLRQRISDUWLFOHVPDGHRIWUDERORJLFDOO\
WUDQVIRUPHGVWUXFWXUHDVVHHQIURP)LJEIRU+KDUGPHWDODQG7FHUPHWFRUUHVSRQGHQWO\













)LJ7KH6(0LPDJHVRI:&ZW&RKDUGPHWDOOHIWDQG7L&ZW)H1LFHUPHWVXUIDFHVDIWHUORDGLQJRI[F\FOHVDWKHHGJH
RILQGHQWDQGEWKHFHQWUHRILQGHQW
7KH ILUVW GRPDLQ RI KLJK SODVWLF GHIRUPDWLRQ FDQ EH DOVR DGGUHVVHG WR WKH SODVWLFLW\ LQLWLDWLRQ PHFKDQLVPV
GHVFULEHGE\66KLPDQGFROOHDJXHVLQWKHLQYHVWLJDWLRQRIWKHLQGHQWDWLRQVL]HHIIHFW7KHPDLQFRQFOXVLRQ
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LVWKDWLIWKHLQGHQWHUUDGLXVLVPXFKODUJHUWKDQWKHGLVORFDWLRQVSDFLQJWKHUHLVDKLJKSUREDELOLW\WKDWWKHUHZLOOEH
SUHH[LVWLQJGLVORFDWLRQVLQWKHKLJKO\VWUHVVHG]RQH0RYHPHQWRIVXFKGLVORFDWLRQVZLOOLQJHQHUDORFFXUDWORZHU
DSSOLHGVWUHVVHVWKDQWKRVHQHHGHGIRUGLVORFDWLRQQXFOHDWLRQ>@
7KHEHWWHUSHUIRUPDQFHRI7L&EDVHGFHUPHW LVGXHWR WKHVWUDLQKDUGHQLQJDELOLW\RI)H1LELQGHUFRPSDUHGWR
:&&RKDUGPHWDOV7KLVDELOLW\DIIHFWVWKHEHKDYLRURIFHUPHWVDQGKDUGPHWDOVGXULQJILUVWGRPDLQRIKLJKSODVWLF
GHIRUPDWLRQ7KHKDUG7FHUPHWEHKDYHVYHU\ VLPLODUO\ WR UHODWLYHO\SODVWLFVWHHO&.7KHFXUYHRI+
KDUGPHWDOLVPRUHOLNH+DUGR[VWHHO
7KHMXPSLQJEHKDYLRURIWKHVXUIDFHIDWLJXHZHDUZDVUHSRUWHGSUHYLRXVO\>@7KHKDUGPDWHULDOVVKRZQLQWKH
FDVHRI]LUFRQLDDQGDOXPLQDWHQGWRIUDFWXUHYHU\LQWHQVLYHO\GXULQJYHU\ILUVWORDGLQJF\FOHVGXULQJILUVWGRPDLQ
$IWHUZDUGVWKHIUDFWXUHSURFHVVVWDELOL]HVDQGGRQRWVKRZDQ\XQH[SHFWHGWHQGHQFLHV,WDOVRVHHPVWKDWHYHQIRU
XOWUDKLJKF\FOHIDWLJXHDWORDGLQJF\FOHVZHUHZLOOEHQRULVHLQWKHDFFXPXODWHGHQHUJ\DQGOHYHOZLWK
OLWWOHKLJKHUHQHUJ\ZLOOUHPDLQ
7KH VHFRQG DQG WKLUG GRPDLQV DUH GHSHQGHQW RQ WKH DELOLW\ RI FDUELGH SKDVH WR GHIRUP HODVWLFDOO\ 7KH 7L&
FDUELGHVDUHEHVWSHUIRUPHUV LQ WKRVHGRPDLQVDOVR LIFRPSDUHGZLWK:&±EDVHGFDUELGH7KH\FDQDEVRUEPRUH
SODVWLFHODVWLFHQHUJ\DQGVXVWDLQKLJKHU ORDGVDW ORZHUVWUDLQVGXULQJ LPSDFW ORDGLQJE\ VSKHULFDO LQGHQW)LJ
6DPHDELOLW\RIWLWDQLXPFDUELGHJUDLQVZDVUHYHDOHGLQSUHYLRXVVWXGLHV>@
7KH EHWWHU SHUIRUPDQFH RI WKH 7L&EDVHG FHUPHW FDQ EH DGGUHVVHG WR WKH ORZHU IDWLJXH VHQVLWLYLW\ RU WR WKH
VKDOORZVORSHRIWKHFXUYHRQWKHIDLOXUHVWUHVVıIDFFRUGLQJWRWKHQXPEHURIF\FOHVJUDSK1VHH)LJ

)LJ7KHIDLOXUHVWUHVVYHUVXVQXPEHURILPSDFWF\FOHVSORWVIRUWHVWHGPDWHULDOV
7KH 7 FXUYH VORSH LVPXFK ORZHU LQ WKH ILUVW GRPDLQ XS WR  F\FOHV ,Q WKH QH[W GRPDLQ WKH VORSH
VWDELOL]HVDQGUHPDLQVVDPHIRUERWKFDUELGHFRPSRVLWHVWHVWHG7KHEHKDYLRURIWKHVWHHOVLVYHU\VLPLODUWRWKDWRI
FDUELGHV 3ODVWLF VWHHO WHQGV WR ZLWKVWDQG LQGHQWDWLRQ VWUHVV RU IDWLJXH GDPDJH DEVRUELQJ WKH IUDFWXUH HQHUJ\ E\
PRYHPHQWRIWKHGLVORFDWLRQVDQGSKDVHWUDQVIRUPDWLRQV6DPHREVHUYDWLRQVDUHSUHVHQWIRUFHUPHWDOVR
$V FRQGXFWHG F\FOLF LQGHQWDWLRQ ORDGLQJV DUH LQGXFLQJ FRPSUHVVLYH VWUHVVHV EHQHDWK WKH VXUIDFH RI WKH WHVWHG
PDWHULDOVWKHQLWLVREYLRXVWKDWUHVLGXDOFRPSUHVVLYHVWUHVVHVZLOOGHFUHDVHUHDOIDLOXUHVWUHQJWKRIWKHPDWHULDOIRU
WKHLU VL]H 7R FRPSHQVDWH WKDW HIIHFW ZH KDYH DGGHG WKH FRUUHVSRQGHQW UHVLGXDO VWUHVVHV YDOXHV PHDVXUHG E\
LQVWUXPHQWHGLQGHQWDWLRQWHFKQLTXHWRWKHVXUIDFHIDWLJXHFXUYHVRIFDUELGHFRPSRVLWHV)LQDOUHVXOWVDUHVKRZQRQ
)LJ  5HVXOWV DUH LQ JRRG FRUUHODWLRQ ZLWK WKH WKUHHSRLQW EHQGLQJ IDWLJXH VWUHQJWK DW  IRU ERWK FDUELGH
FRPSRVLWHV UHSRUWHG LQ SUHYLRXV VWXG\ >@ 7KH WUHQGV DUH VDPH DQG WKH IDWLJXH VWUHQJWK DW [ RI 7
FHUPHW LV DERXW 03D ORZHU WKDQ WKDW RI+ KDUGPHWDO7KHFXUYHV IRU ERWKPDWHULDOV VWDELOL]H DIWHU VHFRQG
GRPDLQDQGUXQSDUDOOHOWLOOWKHHQGRIWKHWKLUGGRPDLQ
7KH +DUGR[  IDWLJXH FXUYH DOVR SUHVHQWHG RQ WKH SORW DV LW LV LQ YHU\ JRRG FRUUHODWLRQ ZLWK SUHYLRXVO\
SXEOLVKHGIDWLJXHSURSHUWLHVRIWKLVKLJKVWUHQJWKVWHHO>@
7KHUHLVWKHLVVXHDVWRZKLFKVWUHVVFRPSRQHQWRIWKH+HUW]LDQILHOGLVUHVSRQVLEOHIRULQLWLDWLQJWKHGDPDJHDV
WKHGDPDJH]RQHLVORFDWHGLQDFRQWDFWUHJLRQEHQHDWKWKHFRQWDFWDUHD



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

)LJ7KHIDLOXUHVWUHQJWKQXPEHURIF\FOHVSORWVIRUWHVWHGFDUELGHFRPSRVLWHVZLWKHQFRXQWRIUHVLGXDOVWUHVVHV
7KHFRQHFUDFN VHJPHQWV RXWVLGH WKHFRQWDFWDUHD LHZKHUH WKHQRUPDO VWUHVVHVDUHPLOGO\ WHQVLOH PD[LPXP
§S DW FRQWDFW FLUFOH WKH VXEVXUIDFHPLFURFUDFN ]RQHV IURPEHQHDWK WKH FRQWDFW DUHDZKHUH WKH K\GURVWDWLF
VWUHVVHV DUH KLJKO\ FRPSUHVVLYH PD[LPXP §S DW WKH FRQWDFW FHQWHU ,W FDQ EH VHHQ IURP FURVVVHFWLRQ
PLFURJUDSKVRI+DQG7FDUELGHFRPSRVLWHVVHH)LJ








)LJ7KH6(0VIURPLQGHQWDWLRQVFURVVVHFWLRQVD+KDUGPHWDODQGE7FHUPHW7KHWUDFHVRISODVWLFGHIRUPDWLRQDUHPDUNHGZLWK
DUURZV
+RZHYHU WKH VKHDU VWUHVVHV DOVR DWWDLQ VLJQLILFDQW UROH ,W LV WKHUHIRUH PRVW OLNHO\ WKDW WKRVH VXEVXUIDFH
GHIRUPDWLRQSURFHVVHV WZLQQLQJDQGVOLS VHH)LJPDUNHGE\DUURZVXOWLPDWHO\ UHVSRQVLEOH IRUPLFURFUDFNLQJ
DQGDUHJRYHUQHGE\WKHVKHDUFRPSRQHQWRIWKHVWUHVVILHOG2QFHVXFKDGHIRUPDWLRQRFFXUVRIFRXUVHWKH+HUW]LDQ
HODVWLFILHOGGHVFULSWLRQQRORQJHUSUHYDLOVWKHHIIHFWRILUUHYHUVLEOHSURFHVVHVRQWKHVWUHVVVWUDLQFKDUDFWHULVWLFVRI
PDWHULDOPXVWEHWDNHQLQWRDFFRXQW>@7KHLQFLGHQFHRIPLFURFUDFNLQJZLOOLQHYLWDEO\GLODWHWKHPDWHULDOLQWKH
GHIRUPDWLRQ]RQHHVSHFLDOO\LIORFDOWHQVLOHVWUHVVHVDUHUHOD[HGDVLWLVVHHQLQFDVHRI7L&EDVHGFHUPHWVHWWLQJXS
FRQGLWLRQVIRUFRQWLQXHGLUUHYHUVLELOLW\LQF\FOLFORDGLQJ8QIRUWXQDWHO\WKHVLJQVRISODVWLFGHIRUPDWLRQVVWULDWLRQV
VOLS OLQHVZHUHQRWREVHUYHG LQ77KHPLFURFUDFNLQJ LV JRYHUQHG LQ DQGDIIHFWVPRVWO\ FDUELGHJUDLQV7KH
PDVVLYHFKLSSLQJRIWKH7L&JUDLQE\LQWHUJUDQXODUPRGHLVVHHQLQERWKVWUXFWXUDOFRPSRQHQWV±FRUHDQGWKHULP
RI GRXEOH FDUELGH SKDVH &RUHULP VWUXFWXUH IUDFWXUH DSSHDUV DORQJ WKH ERXQGDU\ RI VWUXFWXUH 7KH ELQGHU SKDVH
XQGHUJR WKH SKDVH WUDQVIRUPDWLRQ IURP DXVWHQLWH WR PDUWHQVLWH GXULQJ SODVWLF GHIRUPDWLRQ 7KH VWUDLQ KDUGHQLQJ
HIIHFWRIWKDWLVREYLRXVDQGYLVLEOHRQWKHVWUHVVQXPEHURIF\FOHVFXUYHV
7KDW REVHUYDWLRQ VXSSRUWV WKH PDLQ FRQFOXVLRQV PDGH E\ .LP HW DO  WKDW IRU EULWWOH PDWHULDOV OLNH
KDUGPHWDOV DQG FHUPHWV WZR IUDFWXUHPRGHV FDQ EH GHULYHG FRQYHQWLRQDO WHQVLOHGULYHQ FRQH FUDFNLQJ ³EULWWOH´
PRGH DQG VKHDUGULYHQ PLFURGDPDJH DFFXPXODWLRQ ³TXDVLSODVWLF´ PRGH >@ 7KRVH PRGHV DUH UHODWHG ZLWK
GRPDLQVVHHQLQWKHWRWDODFFXPXODWHGHQHUJ\JUDSKVVKRZQLQ)LJ
7KHHIIHFWRIUHVLGXDOVWUHVVHVRQWKHLQGHQWDWLRQFUDFNIRUPDWLRQLVREYLRXV$VLWZDVSUHYLRXVO\VWDWHGE\'%
0DUVKDOO  WKH ORZ VWUHVV UDWHV LQGLFDWH D VWURQJ UHVLGXDO VWUHVV ILHOG HQKDQFHPHQW RI VORZ FUDFN JURZWK WR
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IDLOXUH>@7KLVVXSSRUWVWKHGDWDVKRZQLQ)LJDVWKHIDWLJXHFUDFNJURZWKLVVORZIRUKLJKF\FOHIDWLJXHUHJLPH
QXPEHURILPSDFWF\FOHV!F\FOHV
&RQFOXVLRQV
7KHUHSHWLWLYH+HUW]LDQFRQWDFWEHWZHHQVXUIDFHRIWHVWHGPDWHULDOVDQGVSKHULFDOLPSDFWLQJERG\EDOOLQGHQWLV
HPSOR\HGDVWKHPDLQFRQWDFWW\SHIRUFRQWDFWLQJERGLHV
7KH VXUIDFH IDWLJXHSURSHUWLHVRI WKH:&EDVHGKDUGPHWDOVZLWK&RELQGHUDQG7L&EDVHGFHUPHWVZLWK)H1L
ELQGHU FDQ EH DVVHVVHG XVLQJ F\FOLF LQGHQWDWLRQ WHFKQLTXH E\ LQGHQWLQJ ZLWK VSKHULFDO EDOO LQGHQWHU 7KH WRWDO
DFFXPXODWHG HQHUJ\ RI LPSDFWLQJ ORDGLQJ RU HQHUJ\ RIPDWHULDOV IDWLJXH IUDFWXUH UHVLVWDQFH FDQ EH WDNHQ DV WKH
EDVLVIRUIDWLJXHFXUYHSUHSDUDWLRQ
'\QDPLFEHKDYLRURIPDWHULDOVVXUIDFHVVXEPLWWHGWRF\FOHGHIRUPDWLRQLQHODVWRSODVWLFUHJLPHUHIHUVWRWKHWKUHH
GRPDLQV ± KLJK SODVWLF GHIRUPDWLRQ WHQVLOHGULYHQ FRQH FUDFNLQJ HODVWLFSODVWLF GHIRUPDWLRQ VKHDUGULYHQ
PLFURGDPDJHDFFXPXODWLRQDQGKLJKHODVWLFGHIRUPDWLRQPL[HGPRGHRI WHQVLOHDQGVKHDUGULYHQIUDFWXUH7KH
WHVWHGFDUELGHFRPSRVLWHVVKRZVWHHSLQFUHDVHRIDFFXPXODWHGHQHUJ\GXULQJILUVWWZRGRPDLQV/DWHUWKHLQFUHDVHRI
WKHHQHUJ\VWDELOL]HVDQGUHPDLQVWKHVDPHIRUHDFKPDWHULDOWLOOWKH[ORDGLQJF\FOHV
5HFHLYHG UHVXOWV DUH LQ JRRG FRUUHODWLRQZLWKSUHYLRXV UHVXOWVRI WKUHHSRLQWEHQGLQJIDWLJXH IRU WHVWHGFDUELGH
FRPSRVLWHPDWHULDOV
$FNQRZOHGJHPHQWV
7KLVVWXG\ZDVVXSSRUWHGE\WKH(VWRQLDQ0LQLVWU\RI(GXFDWLRQDQG5HVHDUFKSURMHFW6)VDQG
WKH (VWRQLDQ 6FLHQFH )RXQGDWLRQ JUDQW 1R  $XWKRUV DUH JUDWHIXO WR 3K' /DXUL .ROOR IURP 3RZGHU
0HWDOOXUJ\/DERUDWRU\DQG3K'0DNVLP$QWRQRYIURP'HSDUWPHQWRI0DWHULDOV(QJLQHHULQJRI7DOOLQQ8QLYHUVLW\
RI7HFKQRORJ\IRUSURYLGLQJWKHWHVWPDWHULDOVDQGIUXLWIXOSHUVRQDOFRPPXQLFDWLRQV
5HIHUHQFHV
>@/XJVFKHLGHU(.QRWHN2:ROII&%lUZXOI66WUXFWXUHDQGSURSHUWLHVRI39'FRDWLQJVE\PHDQVRI LPSDFW WHVWHU6XUI&RDW7HFK
±±
>@6HNNDO$&/DQJODGH&9DQQHV$%7ULERORJLFDOO\WUDQVIRUPHGVWUXFWXUHRIWLWDQLXPDOOR\7L$O9LQVXUIDFHIDWLJXHLQGXFHGE\
UHSHDWHGLPSDFWV0DW6FL(QJ$6WUXFW±
>@*XLOORX02+HQVKDOO-/+RRSHU507KHPHDVXUHPHQWRIVXUIDFHFRQWDFWIDWLJXHDQGLWVDSSOLFDWLRQWRHQJLQHHULQJFHUDPLFV0DW
6FL(QJ$6WUXFW
>@%RX]DNLV.'$VLPDNRSRXORV$0LFKDLOLGLV1.RPSRJLDQQLV60DOLDULV**LDQQRSRXORV*HWDO7KHLQFOLQHGLPSDFW WHVWDQ
HIILFLHQWPHWKRGWRFKDUDFWHUL]HFRDWLQJVFRKHVLRQDQGDGKHVLRQSURSHUWLHV7KLQ6ROLG)LOPV±±
>@%RX]DNLV.'6LJDQRV$/H\HQGHFNHU7(UNHQV*7KLQKDUGFRDWLQJVIUDFWXUHSURSDJDWLRQGXULQJWKHLPSDFWWHVW7KLQ6ROLG)LOPV
±
>@/HGUDSSLHU(*DFKRQ</DQJODGH&9DQQHV$%6XUIDFH)DWLJXH%HKDYLRXU0DSSLQJRI39'&RDWLQJVIRU0HFKDQLFDO3XUSRVHV
7ULERWHVWMRXUQDO
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